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Abstract

Background: Pain control during and after surgeries can reduce subsequent complications, improve the
recovery period of the patient after the surgery and immediately after discharge from the hospital, and
shorten the length of stay in the hospital.

Obijectives: The present research aimed to study the relationship between the depth of anesthesia and severity
of pain after general anesthesia.

Methods: This prospective study carried out on 57 patients undergoing hernia surgery during the summer of
2014. The subjects were selected based on convenience sampling method. The same technique of anesthesia
was used for all patients. The depth of anesthesia was monitored using bispectral index (BIS) and recorded at
five-minute intervals. In addition, the severity of pain in the recovery and during the first 6 hours after the
surgery was measured by a numerical scale. The obtained data were statistically analyzed using ANOVA and
correlation coefficient in SPSS-18 at a significant level of P<0.05.

Results: According to the results, the mean age of subjects was 45.54+13.46. In terms of gender, 36 subjects
were male and 21 of them were female. The normal depth of anesthesia (40-60) was experienced by 59.6%
of patients. The results also showed that there is a significant correlation between depth of anesthesia and
severity of pain in the recovery (P=0.001, r=0.694) and during the first 6 hours after the surgery (P=0.001,
r=0.734).

Conclusion: The present study showed that monitoring depth of anesthesia during surgery, in addition to
helping nurses to monitor patients more accurately, can prevent some of the complications of anesthesia such
as severe pain.
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Introduction
Lack of consciousness induced by drugs is called
anesthesia which involves three components of

complications  during the recovery from
anesthesia [2]. Bispectral index (BIS), firstly
introduced in 1992, is the most common method

analgesia, amnesia, and immobility during the
surgery [1]. Surgery and anesthesia cause a
number of physiological disorders that affect
different body organs and may lead to some

of processing the electrical activity of the brain
which is well related to the sedative-hypnotic
effects of intravenous and inhaled anesthetics [3].
According to the Food and Drug Administration
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(FDA), BIS index has the adequate sensitivity to
assess the depth of anesthesia. In addition, it is
generally assumed that processing the electrical
activity of a patient's brain is useful in the
detection of the depth of anesthesia [5, 6].

BIS uses a specific algorithm for converting the
individual channels of EEG into the indicator
causing sleep which ranges between 0 (isoelectric
EEG) and 100 (awake). Special ranges from 40 to
60 are recommended to reduce the risk of
awareness during general anesthesia [7].
Anesthesia is differentiated from normal sleep by
the severity of the stimulus required for
stimulating the brain and waking up [1]. The
patient may go to sleep during anesthesia but feels
pain during the surgery due to the lack of proper
suppression of pain and sensory perception [8].
Prevention and treatment of pain are considered
one of the fundamental human rights [9], as the
new standards especially emphasize the routine
evaluation of pain or the so-called fifth vital sign
[10]. In the absence of control, postoperative pain
can cause a range of acute and chronic effects. In
the case of pain control during and after the
surgery through intervening in pathophysiological
changes that occur during the surgery, subsequent
complications can be reduced and the recovery
period of the patient after the surgery and
immediately after discharge from the hospital can
be shortened [11].

Incomplete pain control activates the sympathetic
system, increases the myocardial oxygen
consumption, and raises the risk of myocardial
ischemia [12]. Increased activity of the
sympathetic nervous system leads to a delay in the
return of gastrointestinal motilities and causes
paralytic ileus [13]. As previous studies
demonstrate, about 80% of patients experience the
postoperative acute pain and almost 25% of them
are afflicted with the side effects caused by drug
treatments. However, postoperative pain is the
most common concern among 59% of these
patients [14]. On the other hand, there is a strong
relationship  between moderate to severe
postoperative pain and patient dissatisfaction
[15,16]. The incidence of moderate to severe pain
in heart, abdominal, and orthopedic surgeries has
been reported in 25-75% of cases [17-19].

Overuse of analgesics to control pain in these
patients can be followed by side effects which can
prolong the recovery period [20]. Physical
dependence and addiction are among the clinical
concerns which may prevent the appropriate
prescription of drugs and, in turn, lead to
inadequate pain management [21]. Given the high
prevalence of postoperative pain and its impact on
the recovery process, the present research aims to
study the relationship between the depth of
anesthesia and severity of pain after general
anesthesia in order to improve the quality of
healthcare services and reduce treatment costs.

Methods

The present research was a prospective study
which was carried out on 57 patients undergoing
hernia surgery in Shahid Beheshti Hospital of
Sabzevar during the summer of 2014. After
obtaining the approval of the ethics committee,
Golestan  University of Medical Sciences,
Sabzevar University of Medical Sciences, Shahid
Beheshti Hospital of Sabzevar, patients were
examined by the researcher on the day before
surgery and eligible patients were selected as the
sample. The inclusion criteria were as follows:
being aged 18-65, non-addiction to drugs and
alcohol, non-use of psychotropic, non-affliction
with chronic pains, the ability of communication
and adequate perception, non-affliction with liver,
kidney, cardiovascular, and neurological diseases
(according to a physician’s consultation and
diagnosis), and having a BMI of less than 35.
Since the surgical technique may be effective in
the occurrence of complications, the patients
undergoing surgery by only one surgeon were
selected as the sample in this study. After
selecting the subjects, they were briefed on the
numerical scale of pain in order to get a complete
understanding of it. Patients and their families
were assured that no extra cost will be imposed on
and their information will be kept confidential.
After entering the operating room, patients were
directed to the surgery room by a nurse to get
prepared for general anesthesia by the
anesthesiologist.

Routine  monitoring  techniques  included
electrocardiograms, pulse oximetry, non-invasive
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measurement of blood pressure, and measurement
of the depth of anesthesia. In this study, BIS vista
Medical Systems Aspect device (made in the US)
was used for measuring the depth of anesthesia.
Anesthesia protocol was the same for all patients,
as all of them received 0.04 mg/kg midazolam
and 2.5 pg/kg fentanyl in the prodrug. Anesthesia
was induced using 5 mg/kg sodium thiopental and
intubation following the administration of 0.5
mg/kg atracurium. To maintain isoflurane
anesthesia with 1% MAC, 50% nitrous oxide and
50% oxygen were administered.

After induction of anesthesia by an
anesthesiologist, depth of anesthesia was
permanently monitored by BIS device and
recorded at five-minute intervals. There was no
manipulation and intervention on the depth of
anesthesia and only the values were recorded by a
trained nurse during the surgery. Respiration rate
was kept constant for all patients during the
surgery by a ventilator. Given the short period of
surgery and the effects of analgesics, there was no
need for medication renewal during the surgery.
After the surgery and the patient's breathing
returned, neuromuscular ~ blockers  were
neutralized by administering 0.05 mg/kg
neostigmine and 0.02 mg/kg atropine.

With the arrival of the patient to the recovery, the
severity of pain was measured by a numerical
scale every 10 minutes and recorded by the
researcher who was unaware of BIS values of
patients during anesthesia. Recovery signs were
recorded from the moment when the patient was
conscious enough to verbally answer the
questions. After transferring the patient to the
surgical ward, severity of pain during the first 6
hours was measured and recorded using the
numerical scale. This scale ranges between 0 and
10; O indicates no pain and 10 represents very
severe pain. The amount of analgesics
administered in the recovery (fentanyl) and the
first 6 hours after the surgery (methadone) was
also recorded. The researcher was not involved in
the prescription or non-prescription of these

drugs. The obtained data were statistically
analyzed using ANOVA and correlation
coefficient in SPSS-18 at a significant level of
P<0.05.

Results

Ten participants were excluded in the follow-up
In the present study, 57 patients with a mean age
of 45.54+13.46 (in the range of 18-65) were
selected as subjects. Out of them, 36 patients were
male and 21 patients were female. The mean
operation time was 42.98+11.41 minutes. In terms
of BMI, 23, 33, and 1 patients were normal (18.5-
24.99), overweight (25-29.99), and obese (over
30), respectively. Values of the depth of
anesthesia were in three ranges of normal (40-60),
deep anesthesia (below 40), and surface
anesthesia (over 60). As shown in Table 1, 40.4%
of patients in this study experienced the depth of
anesthesia out of the normal range during the
surgery.

Table 1: Frequency distribution of patients
undergoing elective abdominal surgery by depth
of anesthesia

Depth of Anesthesia Number  Percent

Shallow (> 60) 12 21/1
Normal (40-60) 34 59/6
Deep (< 40) 11 19/3

The correlation coefficient between BIS values
and severity of pain in the recovery and during the
first 6 hours after the surgery was calculated
(Table 2). According to the results, there is a
positive significant correlation between BIS
values and severity of pain in the recovery and
during the first 6 hours after the surgery. This
means that severity of pain increases with the
increase in BIS values (reduced depth of
anesthesia).
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Table 2: Correlation coefficient between BIS values and severity of pain in the recovery
and during the first 6 hours after the surgery

BIS Severity of pain r P-value
Recovery 0/694 0/001
6 hours after the surgery 0/734 0/001

* Pearson s correlation coefficient

The mean and standard deviation of BIS values in
terms of the amount of analgesics in the recovery
showed that there is a significant difference
between BIS values and the amount of analgesics

administered in the recovery, as BIS values were
higher during the surgery in the two groups
received this drug (Table 3).

Table 3: The mean and standard deviation of BIS values during the surgery in terms of the
of analgesics intake in the recovery based on ANOVA

L BIS values P-value*
Analgesics intake Number MeanSD
Not taking 38 45/19+7/19
1CC Fentanyl 17 57/09+6/91 0/0001
2CC Fentanyl 2 57/20+8/42

* Anova

Based on the study results, there was a significant
difference between BIS values and the amount of
analgesics consumed in the first 6 hours after the
surgery. Tukey test showed BIS values during the
surgery were higher in patients who had received

2 cc of methadone compared to the other two
groups. This suggests that reduction of depth of
anesthesia during the surgery increases the need
for analgesics after the surgery (Table 4).

Table 4: The mean and standard deviation of BIS values during the surgery in terms of the analgesic
intake in the first 6 hours after the surgery based on Anova

- BIS values »
Analgesic intake Number Mean+SD P-value
Not taking 35 45/30+7/69
Methadone 1CC 17 53/35+7/49 <0/001
Methadone 2CC 5 61/92+0/958
* Anova
Discussion experienced a light anesthesia during the surgery,

The present research aimed to study the
relationship between the depth of anesthesia and
severity of pain after surgeries. The study findings
indicated that 59.6%, 19.3%, and 21.1% of
patients experienced a normal (40-60), deep
(below 40), and surface level of anesthesia (over
60), respectively. Given that depth of anesthesia
in 21.1% of the patients was not enough and they

some of them would had felt awake during the
surgery which was not measured in this study. In
addition, 19.3% of patients experienced
anesthesia deeper than the usual range. In the
present study, a significant positive correlation
was found between BIS values recorded during
the surgery and severity of pain in the recovery
and in the first 6 hours after the surgery. This
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means that severity of pain in the recovery and in
the first 6 hours after the surgery increases with
the increase in BIS values during the surgery,
which represents a reduction in depth of
anesthesia.

Fentanyl was administered to patients in the
recovery as an analgesic at 0, 1, and 2 cc.
Nineteen patients needed treatment with fentanyl,
17 of whom were relieved with only 1 cc and 2 of
whom received 2 cc of fentanyl. In addition,
methadone was used at 0, 1, and 2 cc for pain
relief after the patient recovery. Out of the
subjects, 22 patients needed treatment with this
drug (17 patients with 1 cc and 5 patients with 2
cc). The results showed that BIS values during the
surgery are significantly lower in patients who did
not receive methadone or fentanyl in the recovery
(45.19£7.19) and in the first 6 hours after the
surgery (45.30£7.69) than those who needed these
drugs for treatment. The results suggested that
BIS values have a significant relationship with
severity of pain and amount of analgesic
consumption after the surgery.

Therefore, it can be argued that increased depth of
anesthesia during the surgery (reduced BIS
values) can reduce the severity of pain and
postoperative analgesic consumption. These
results are consistent with the findings of Sahni et
al. (2011) [20] who showed that severity of pain
and analgesic consumption after the surgery are
lower in patients who experienced deeper
anesthesia during the surgery. In addition, the
study findings are consistent with the results of
Henneberg et al. (2005) who studied the effects of
monitoring the depth of anesthesia using AEP
(another method of measuring the depth of
anesthesia) on the severity of pain and analgesics
consumption. Their results showed that pain
management control (patient controlled analgesia)
is used more frequently during the first 24 hours
after surgery for patients who experience a more
surface depth of anesthesia [22]. Researchers
believe that creating a deeper depth of anesthesia
during surgery somewhat inhibits the painful
stimuli affecting the severity of pain and reduces
the dosage of analgesics.

The present study showed that monitoring depth
of anesthesia during surgery, in addition to
helping nurses to monitor patients more

accurately, can reduce some of the complications
of anesthesia such as severe pain. The use of
objective and non-invasive methods for
monitoring depth of anesthesia and better control
of complications after anesthesia can lead to
improved quality of healthcare services in the first
stage of patient care. One of the limitations of the
present study was the low number of subjects
which is due to shortage of equipment such as the
device for recording depth of anesthesia and the
high price of sensors required for recording depth
of anesthesia.
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